Investigators of the etiology of periodontal diseases have documented the enormous complexity of the microbial populations of dental plaque (22) . Hundreds of species have been isolated and identified by cultural techniques. However, it is widely accepted that numerous organisms present in plaque remain entirely unnoticed or are recognized microscopically because of their prominent morphology but have never been isolated. This could explain the failure so far to identify bona fide periodontopathogens (11, 24) .
Recently, we established a library of 16S rRNA sequences from the bacteria present in a single sample of subgingival plaque from a periodontitis patient. This library defined in a culture-independent way the spectrum of genotypes that were most prevalent in that population (6) . When the spirochetes were considered, this spectrum proved to be far wider than the spectrum of oral treponemes that have been cultured. Although this approach yielded no information concerning the physiological characteristics of these organisms, it opened the way for developing rapid analytical tools to specifically detect these genotypes in plaque samples.
Improved in vitro culture techniques have been developed to investigate the physiology of established laboratory strains of oral anaerobes under defined conditions, in particular the metabolic activities important for plaque ecology, and to detect possible virulence factors (36, 37, 40) . It was expected that refinements in these culture techniques would expand the spectrum of fastidious anaerobes amenable to in vitro analysis.
In this paper we describe a novel culture technique that allowed isolation and characterization of previously uncultured oral treponemes. Although phenotypically heterogeneous, these organisms fell into a single phylotype that previously was identified on the basis of 16S rRNA sequence criteria (6) , for which we propose the name Treponema maltophilum.
MATERIALS AND METHODS

Bacteria.
The following type and reference strains were obtained and maintained as described previously (37) Culture media. To enhance the recovery of organisms that may be more fastidious than the laboratory-adapted reference strains, a number of supplements were added to chemically defined liquid medium OMIZ-W1 (37) . Initially, we used an enriched medium, OMIZ-WP, which was prepared from OMIZ-W1 by adding glutathione, asialofetuin (AsF), a methanol-soluble fraction of yeast extract (YEM), and a deanionized fraction of Difco Neopeptone (DANP) (39) . After the first results for carbohydrate utilization by strain BR T were obtained, 2 g of D-mannose per liter, 2 g of D-arabinose per liter, 2 g of L-fucose per liter, 2 g of D-trehalose per liter, 2 g of D-sucrose per liter, and 2 g of L-rhamnose per liter were added, and the resulting medium was designated OMIZ-Pat. All comparative studies were performed with cells grown in OMIZ-Pat. The solid media used for colony cloning were prepared as described previously for semisolid media (37) , except that the final concentration of agarose (catalog no. 05068; Fluka, Buchs, Switzerland) was increased from 0.25 to 1.5%.
Limit dilution culture analysis of plaque bacterial populations. All plaque samples were obtained from patients with recurrent, treatment-resistant periodontitis. Subgingival plaque samples were collected from dental pockets that were Ͼ5 mm deep by using paper points and were transferred into reduced transport medium (17) . The bacteria were released and dispersed by vortexing. Samples were processed within 3 h of collection. All procedures were performed in ambient air without prereduction of media. Samples were diluted with OMIZPat to determine the total counts and with OMIZ-Pat supplemented with antibiotics to select for spirochetes. A dilution of 10 Ϫ7 for nonselective medium and a dilution of 10 Ϫ5 to 10 Ϫ6 for the antibiotic-containing medium usually resulted in growth in about 50% of the wells. The wells in one 96-well plate were filled with 0.2 ml of medium per well for each dilution of plaque samples. After 10 days of incubation at 36ЊC in GasPak anaerobic jars (BBL), the wells were examined to determine growth and cell morphology by using an inverted phase-contrast microscope (Olympus). In our current procedure for selective isolation of oral spirochetes we use OMIZ-Pat supplemented with 1 mg of rifampin per liter and 100 mg of fosfomycin per liter. Samples from wells containing spirochetes were streaked onto OMIZ-Pat agarose plates, and within 5 to 10 days spirochetes formed diffuse colonies entirely within the agarose. Colonies were punch collected with glass Pasteur pipettes and transferred into liquid OMIZ-Pat. Clones were incubated until visible turbidity developed and stored in liquid nitrogen after 10% glycerol was added to the growth medium. Cultures were restreaked onto agarose to confirm homogeneity and then characterized.
Electron microscopy. To visualize endoflagella, cells were suspended for 5 min in a 0.2% aqueous solution of the nonionic detergent Teepol 610S (catalog no. 86350; Fluka), to remove the outer cell membrane. After negative staining with 2% phosphotungstic acid (2), the cells were examined with a Philips model 201 transmission electron microscope. For scanning electron microscopy with a Cambridge Stereoscan S-180 microscope, whole cells were allowed to attach to cationized coverslips, fixed for 2 h in 2% glutaraldehyde buffered at pH 7.4 with 0.1 M sodium cacodylate, dehydrated by using increasing concentrations of acetone, dried in a critical point apparatus (model CPD-030; Bal-Tec, Balzers, Liechtenstein), and sputter coated with gold (model MED-010; Bal-Tec).
Effects of medium components on growth. Cells were grown in OMIZ-Pat, and samples were diluted at least 1:1,000 with semisolid test medium and dispensed into 24-well plates (Nunc, Roskilde, Denmark) in which duplicate wells had been preloaded with test compounds. Incubation and evaluation were performed as described previously (37, 38) . The test medium used to assay for the effects of different sugars on growth and acid production was OMIZ-WP prepared without the carbohydrates present in OMIZ-W1 (glucose, fructose, maltose, citric acid, mannitol, glucuronic acid, and galacturonic acid). The following sugars were tested individually at a final concentration of 2 mg/ml:
-sorbose, and L-xylose. The test medium used to study the effects of N-acetylglucosamine (GlucNac), AsF, YEM, and DANP on the growth of treponemes was OMIZ-Pat without these four components. The test medium used to study the effects of antibiotics and fetal bovine serum (FBS) (Gibco BRL) was OMIZ-Pat.
Enzyme activities. Reference strains and new isolates were grown in OMIZPat and centrifuged. To test for catalase activity, cell pellets were covered with 3% H 2 O 2 and observed for 15 min for bubble evolution. For API ZYM tests the cells were resuspended in 0.9% NaCl and examined as recommended by the supplier (Bio Mérieux SA, Marcy-l'Etoile, France).
Sodium dodecyl sulfate (SDS) gels and Western blots (immunoblots).
For protein and antigen pattern analyses all strains were grown in OMIZ-Pat and processed for polyacrylamide gel electrophoresis (PAGE). Extracts were electrophoresed on gels with a 7.5 to 15% acrylamide gradient, electroblotted onto nitrocellulose paper, and immunolabelled as described previously (35) . Before immunolabelling, the blots were stained and destained for protein (1) . Patient sera were used at a dilution of 1:50, and an alkaline phosphatase-labelled second reagent was used at a dilution of 1:1,000; naphthol AS-E phosphate was used as the substrate for the phosphatase (33) .
DNA isolation. Genomic DNA was isolated from 10-ml treponeme cultures in OMIZ-Pat as described previously (6) , with the following modifications: (i) incubation with lysozyme was omitted; (ii) incubation with proteinase K was performed for 2 h at 37ЊC; and (iii) after washing with 70% ethanol, the DNA was dissolved in 50 l of TE buffer (10 mM Tris-HCl [pH 8.0], 1 mM EDTA) and stored at Ϫ20ЊC.
16S ribosomal DNA sequencing. 16S rRNA sequences were amplified by PCR by using universal primers TPU1 (5ЈAGAGTTTGATC[A/C]TGGCTCAG3Ј; positions 8 to 27 in Escherichia coli 16S rRNA) and RTU8 (5ЈAAGGAGGT GATCCA[T/G]CC[G/A]CA3Ј; positions 1541 to 1522 in E. coli 16S rRNA) as described previously (6) . Amplicons were purified by filtration by using Centricon 100 membrane filters (Amicon, Witten, Germany) and were sequenced by a modified Sanger dideoxynucleotide chain termination method, using a Sequenase sequencing kit (Amersham, Amersham, Buckinghamshire, United Kingdom) and universal eubacterial primers (14, 32) as described by Casanova et al. (3) . The 16S ribosomal DNA sequences obtained were compared with all currently available sequences in public (EMBL, GenBank) and private (5, 7) databases by using the sequence analysis program Husar 4.0 (Deutscher Krebsforschung Zentrum, Heidelberg, Germany). To construct phylogenetic trees, we used the TREECON version 3.0 software package (31) . Because only a partial sequence of T. vincentii was available, we constructed a distance matrix based on about 900 bases (E. coli positions 54 to 930), and multiple base changes at single positions were corrected by the method of Jukes and Cantor (13) . A phylogenetic tree was constructed by using the neighbor-joining method of Saitou and Nei (27) .
Nucleotide sequence accession numbers. The EMBL accession numbers for the reference spirochetal 16S rRNA sequences which we used are as follows: Treponema succinifaciens, M57738; Treponema sp. strain CA, M59294; Treponema saccharophilum, M71238; Treponema bryantii, M57737; T. pectinovorum, M71237; Treponema pallidum, M88726; Treponema phagedenis, M57739; T. denticola, M71236; Spirochaeta sp., M71240; Spirochaeta isovalerica, M88720; Spirochaeta aurantia, M57740; Borrelia burgdorferi, L36160; Borrelia hermsii, M60968; Borrelia anserina, M72397; Brachyspira aalborgi, Z22781; Serpulina innocens, M57744; Serpulina hyodysenteriae, M57742; Leptonema illini, Z21632; Leptospira interrogans, X17547; and Leptospira biflexa Z12821. The 16S ribosomal DNA sequence of strain BR T determined in this study is available from the EMBL, GenBank, and DDBJ nucleotide sequence databases under accession number X87140.
RESULTS
Using a limit dilution technique and various modifications of the chemically defined culture medium OMIZ-W1 (37), we isolated a group of small, saccharolytic, serum-sensitive spirochetes which, on the basis of various criteria, were distinct from previously cultured oral Treponema species. A total of 26 clones of these novel organisms were obtained from 13 subgingival plaque samples from nine patients with periodontitis. When they were streaked onto OMIZ-Pat agarose plates, the new isolates formed within 5 days off-white, diffuse colonies that were up to 3 mm in diameter and completely penetrated the agarose. As shown in Fig. 1 for strain BR T , these small spirochetes (diameter, 0.2 m; wavelength, 0.7 m; amplitude, 0.3 m) had two endoflagella, one attached subterminally at each pole. More than 50 cells of each of the 11 new strains included in Fig. 2 were analyzed; in all but some very long cells the endoflagella were long enough to overlap in the central region of the periplasmatic space (i.e., the flagellation type was type 1:2:1). The cell length usually corresponded to six to eight wavelengths, but could be quite variable, as is often the case for spirochetes in culture (34) . In liquid media the cells did not exhibit much twitching movement but rather rotated around their axes, often producing waves with estimated amplitudes of up to 2 m but not achieving translational movement. However, in viscous medium (soft agarose) or when bacteria attached to the surface of a glass coverslip, cellular rotation resulted in serpentine translation; the direction of movement was changed by reversing the rotation and/or bending the cell body.
Protein and antigen pattern. A comparison of the protein and antigen patterns of cultured oral treponemes after separation by SDS-PAGE and transfer to nitrocellulose paper (blots) is shown in Fig. 2 . The new isolates exhibited considerable heterogeneity, but were readily grouped together and were clearly distinguishable from the reference strains of T. denticola, T. pectinovorum, T. socranskii subsp. buccale, T. socranskii subsp. paredis, T. socranskii subsp. socranskii, and T. vincentii ( Fig. 2A) . Sera from periodontitis patients were used as polyvalent immunostaining reagents. The resulting antigen patterns on the blots (Fig. 2B through D) provided further detail concerning the heterogeneity of the new isolates and their differentiation from other species. In addition to detecting apparently species-specific antigens ( Fig. 2B and D) and numerous strain-specific antigens (Fig. 2B through D) , immunostaining with some sera revealed a ca. 75-kDa antigen only in strains that exhibited ␣-fucosidase activity (Fig. 2C , lanes 6 through 11; same blot as the blot in Fig. 2A immunostained with serum from the patient harboring strain BR T ). Figure 2D shows the results of immunolabelling with serum from the patient who harbored the strains in lanes 5, 7, and 8, which exhibited marked reactivity with a ca. 100-kDa antigen in all of the new isolates except two (the strains in lanes 7 and 8), which may have been selected by this immune response. A third strain from the same patient which did exhibit this antigen activity (lane 5) was isolated from a different plaque sample.
Nutrient requirements. As shown in Table 1 , strains BR T , HO2A, and PNA1 differed markedly in their requirements for YEM, DANP, AsF, and GlucNac. GlucNac was essential for growth of all of the novel isolates with ␣-fucosidase activity tested, while it was highly stimulatory but not necessary for growth of the strains that lacked ␣-fucosidase activity. In con-trast, the growth of laboratory strains and clinical isolates of the other four species of cultivable oral spirochetes is not influenced by GlucNac (data not shown).
Addition of 5% FBS to OMIZ-Pat eliminated the growth of all of the new isolates. Consistent with the results of our previous studies performed with chemically defined medium OMIZ-W1 (37), addition of FBS to OMIZ-Pat inhibited the growth of all T. socranskii strains, whereas the growth of T. denticola, T. pectinovorum, and T. vincentii either was not affected or was enhanced by FBS (data not shown).
The effects of individual carbohydrates on the growth of oral treponemes in OMIZ-Pat containing GlucNac but no other additional carbohydrates are summarized in Table 2 . All but three isolates responded to maltose, although most strains, including strains BR T and HO2A, were not able to utilize glucose. The new isolates that were not stimulated by maltose (including PNA1) grew well in the absence of any carbohydrate. Acid production as detected by a change in the color of phenol red from red to yellow was observed for all of the new isolates, as well as all of the T. socranskii and T. pectinovorum strains tested; no T. denticola or T. vincentii strain produced acid in response to sugar addition, although the growth of some strains was enhanced. The two new strains that grew on glucuronic acid (including strain HO2A) were the strains that exhibited ␤-glucuronidase activity (Tables 3 and 4 ), but these strains were not the same two strains that were stimulated by galacturonic acid.
Enzyme activities of spirochetes. Table 3 shows a summary of the distribution of enzyme activities in our collection of cultivated oral treponemes as detected by API ZYM tests. Catalase tests were negative for all of our strains of oral spirochetes. These results are consistent with previously published data (8, 10, 18, 29) ; however, a ␤-glucuronidase activity which we found to be characteristic for T. socranskii subsp. buccale does not appear to have been described for T. socranskii before. The heterogeneity of the novel isolates was more pronounced than is evident from Table 3 since the enzyme activity levels differed widely between strains, with scores ranging from 0 to 5 for ␣-galactosidase and ␣-fucosidase activities and from 0 to 3 for ␤-galactosidase and ␤-glucosidase activities; the levels of ␣-glucosidase activity, which was present in all 26 new strains, ranged from 1 to 5.
Antibiotics for selective isolation of spirochetes. Initially, a combination of rifampin and nalidixic acid was used to selectively suppress nonspirochetal growth from subgingival plaque samples. While this procedure resulted in isolation of many spirochetes, including phenotypically novel strain BR T , the results obtained with numerous samples indicated that nalidixic acid was not an effective selecting agent (data not shown). To develop an improved selection scheme, we examined the antibiotic susceptibilities of representative strains of spirochetes by using a microtiter culture assay. Table 5 shows the levels of resistance of new isolate BR T and one strain each of T. denticola, T. pectinovorum, T. socranskii, and T. vincentii to cycloserine, fosfomycin, polymyxin B, and rifampin; in addition, all five of these strains were found to be susceptible to erythromycin (1 mg/liter), spectinomycin (5 mg/liter), and vancomycin (5 mg/liter). When tested on subgingival plaque samples at the highest concentration compatible with the treponemes tested, polymyxin B (1 mg/liter; 7,900 U/liter) and cycloserine (10 mg/liter) had only minor effects on nonspirochetal cell counts in our media, either alone or in combination with 1 mg of rifampin per liter (data not shown). Therefore, combinations of rifampin (1 mg/liter) and fosfomycin (100 or 1,000 mg/liter) were subsequently used for spirochete isolation.
Phylogenetic analysis. Partial 16S rRNA sequences (length, , and PNA1, were determined for a phylogenetic classification analysis. A comparative sequence analysis revealed that there were only minor differences among the members of this phenotypically heterogeneous group and that they were closely related to all cluster 17 phylotypes except clone NZM3113 (6) . The 16S rRNA sequence of strain BR T was identical to that of clone NZM3125. The overall levels of sequence similarity between strain BR T 16S rRNA and the 16S rRNAs of other cultivable oral treponemes ranged from 84 to 87.5% (Table 6 and Fig. 3 ).
DISCUSSION
The experience of workers in many laboratories that all oral spirochetes isolated by the previously described methods belong to the four previously recognized oral Treponema species 
a Growth was determined after 6 days of incubation in semisolid media with or without the medium components indicated. Ϫ, no growth; (ϩ), intermediate growth; ϩ, good growth.
suggested that further progress in the cultivation of oral spirochetes would require new methods. Fastidious organisms are characterized not only by extensive auxotrophies for growth but also by marked sensitivity to growth inhibition. With these characteristics in mind, we previously developed a chemically defined and yet very nutritionally rich medium, OMIZ-W1 (37) . All attempts to isolate oral spirochetes in OMIZ-W1 were unsuccessful, and so a medium enriched with carbohydrates, glutathione, AsF, and the chemically undefined extracts YEM and DANP was tried. In contrast to our laboratory strains, most of the clinical treponemal strains isolated in this way required at least one of these supplements. We are now investigating whether the complex additives play a direct nutritional role or act by neutralizing substances in the medium that are otherwise inhibitory.
During our studies with OMIZ-Pat, we have never been able to isolate spirochetes without antibiotic selection, even from plaque samples containing more than 60% spirochetes, as determined by dark-field microscopy. In contrast to reports claiming representative cultivation of all of the spirochetes present in plaque (26) or viable numbers that even exceed the microscopic counts (21), our treponemal isolates generally represented less than 1% of the organisms growing in OMIZ-Pat without antibiotics (data not shown), and so the success of isolating spirochetes did not directly correlate with spirochete levels in the plaque samples as determined by dark-field microscopy; indeed, samples that contained no more than 3% spirochetes have yielded growing treponemes, whereas other samples that contained up to 68% total spirochetes have failed to yield growing treponemes. The reasons for these results are not known, but it seems plausible that nonviability of some morphologically recognized treponemes, inefficient recovery of cultivable Treponema spp., and the presence in high proportions of still uncultivable spirochete species all contribute to the underrepresentation of spirochetes in the cultured plaque population. Similar discrepancies between microscopic and culture data have been reported in studies in which spirochetes were selectively grown in the absence of antibiotics by exploitation of their ability to migrate through Millipore membrane filters (20) .
The use of antibiotic selection in attempts to isolate organisms with unknown physiological characteristics is obviously 
, CRG3, GRA1, GRA2, GRA3, GRA4, GRB3A, GRB5, GRB6, GRB7, HO1, HO2A, HO2B, MH3B, PE1, PE2A, PE2B, PE2C, PE2D, PE2E, PNA1, PNA3, PNB1, and VF2D.
b Growth was enhanced compared with the control. c -, no effect on growth. problematic. From our perspective, any evidence of treponeme-inhibiting activity should caution against the use of the antibiotic that exhibits this activity. Conflicting data, possibly due to medium and strain differences, have been published regarding the susceptibility of oral treponemes to polymyxin and nalidixic acid (4, 9, 30) ( Table 5 ); in contrast, rifampin has been widely used since its first use with oral spirochetes by Leschine and Canale-Parola (15), and no inhibitory effects have been reported except for the susceptibility to a high dose (10 mg/liter) exhibited by two of the five treponemes which we tested. Spectinomycin resistance and rifampin susceptibility have been reported to be physiological characteristics that distinguish intestinal spirochetes from oral spirochetes (12) . When the organisms were grown in our media, the difference in spectinomycin susceptibility could be confirmed; however, neither Serpulina jonesii ATCC 49776 nor Brachyspira aalborgii ATCC 43993 was inhibited by 10 mg of rifampin per liter, nor were three strains of Borrelia burgdorferi (data not shown). Similarly, all of our oral and nonoral spirochetes were resistant to fosfomycin at a concentration of 100 mg/liter, and most strains were resistant to even higher concentrations. This antibiotic, which has not been used previously for selection of oral spirochetes, was successfully used to isolate Lyme disease spirochetes (16, 23) . The combined data for treponemal resistance and nontreponemal susceptibility in our media led us to use routinely 1 mg of rifampin per liter plus 100 mg of fosfomycin per liter for selective isolation of oral spirochetes. While we do not have data on the efficiency of isolation, information about multiple isolates obtained from the same plaque sample supports the view that highly heterogeneous spirochete populations occur in plaque; not only have different species been isolated from the same sample, but isolates of the same species are often quite distinct. For example, only two of five novel strains isolated from one plaque sample were indistinguishable; all five strains exhibited ␣-fucosidase activity, but the five strains produced four distinct protein and antigen patterns (Fig. 2, lanes 7 and 8) and had minor differences (Ͻ2%) in their rRNA sequences (data not shown). The only novel strain isolated from a different pocket of the same patient lacked ␣-fucosidase activity and differed antigenically (Fig. 2, lane 5) .
On the basis of a phylogenetic characterization of 14 of the 26 new isolates and a comprehensive phenotypic comparison of all 26 isolates, we concluded that these small oral spirochetes belong to a single species. According to Stackebrandt and Goebel (28), a novel species should be created for organisms which exhibit less than 97% 16S rRNA sequence homology to previously described species. The data in the similarity matrix constructed for strain BR T and 12 other spirochetes (Table 6) clearly support the species status of the new group. The phylogenetic relationships of strain BR T and 25 previously described species of spirochetes are shown in Fig. 3 . The level of 16S rRNA sequence homology between strain BR T and 13 novel isolates, including HO2A and PNA1, was found to be 98.5% on the basis of a comparison of 500 bases. This value should increase to more than 99% when the entire sequences are available, since most hypervariable sequences in the 16S rRNAs of spirochetes are located in the region that we sequenced (25) . The high level of sequence homology for our novel isolates and the low levels of sequence similarity between the novel isolates and other spirochetes therefore indicate that a new species should be described. Because of the characteristic ␣-glucosidase activity and growth on maltose, we propose that the new species should be named Treponema maltophilum. Creation of subspecies based only on phenotypic differences and 16S rRNA sequence data does not seem to be warranted. Creation of subspecies will depend on the results of a DNA-DNA hybridization analysis, which is accepted as the most sensitive method for determining very close phylogenetic relationships, such as those that occur within species (28) . Type strain BR and reference strains HO2A and PNA1 represent the wide phenotypic spectrum of this phylogenetically homogeneous group. with API ZYM strips, all strains exhibit alkaline phosphatase, acid phosphatase, naphtholphosphohydrolase, C 4 esterase, C 8 esterase, and ␣-glucosidase activities, and most strains are also positive for ␣-and ␤-galactosidase, ␤-glucosidase, and ␣-fucosidase activities. Within the species there are prominent differences in ␣-fucosidase and ␤-glucuronidase activities. Strains with ␤-glucuronidase activity are able to grow on glucuronic acid. Immunoblotting with patient sera reveals an antigen that can be detected only in strains with ␣-fucosidase activity. All strains are resistant to 1 mg of rifampin per liter and 100 mg of fosfomycin per liter.
Description of
Type and reference strains. Strain BR is the type strain of T. maltophilum. This strain exhibits ␣-fucosidase activity but not ␤-glucuronidase activity. Reference strains that differ markedly phenotypically from the type strain are strain HO2A, which exhibits ␤-glucuronidase activity but not ␣-fucosidase activity, and strain PNA1, which exhibits neither ␣-fucosidase activity nor ␤-glucuronidase activity. Strains BR T , HO2A, and PNA1 have been deposited in the American Type Culture Collection, Rockville, Md., as strains ATCC 51939 T , ATCC 51940, and ATCC 51941, respectively.
Habitat. T. maltophilum has been detected only in subgingival plaque samples of patients with periodontal disease.
Distinguishing characteristics. T. maltophilum is a species that is genetically distinct from previously described treponemes as determined by a phylogenetic comparison of 16S rRNA sequences. As determined by SDS-PAGE, its protein and antigen patterns can be easily distinguished from those of other cultivable treponemes, although more conventional criteria can also be used to distinguish it from the four previously characterized oral spirochetes. Size, morphology, enzyme activities, and growth characteristics clearly distinguish T. maltophilum from T. vincentii. T. maltophilum also differs from the asaccharolytic organism T. denticola by its lack of trypsin activity and from T. pectinovorum by its lack of a requirement for either glucuronic acid or galacturonic acid. Differentiation from T. socranskii is based on the wide spectrum of glycosidases produced by T. maltophilum, as well as on the spectrum of carbohydrates used. ␣-Glucosidase activity is characteristic of T. maltophilum and has never been observed in T. socranskii, although many strains of this species can ferment maltose. A distinctive phenotypic trait found in all strains of all subspecies of T. socranskii but not in T. maltophilum or any other oral spirochete is the formation of intensely yellow colonies (or cell pellets after growth in liquid medium) in OMIZ-Pat agarose (data not shown). This includes an oral Treponema strain of uncertain classification described by Mink (19) and obtained from the American Type Culture Collection as strain ATCC 43242, which we identified by protein, antigen, API ZYM, and sugar utilization analyses as T. socranskii subsp. socranskii (data not shown). Yellow colonies have been described by Umeda et al. (30) , but they were not identified as T. socranskii colonies. Furthermore, live cells of T. socranskii can be recognized microscopically, since cells that are rotating around their axes have both cell tips markedly deflected, which gives the appearance of propellers on both ends of a straight helix (data not shown).
